Mechanisms of methotrexate resistance in acute leukemia. Decreased transport and polyglutamylation.
Drug resistance limits the effectiveness of methotrexate (MTX) for the treatment of acute leukemia. An increased understanding of the pathways involved in folate metabolism has allowed investigations of the mechanisms of resistance observed in leukemic blasts obtained from patients. Acute lymphocytic leukemia (ALL) was studied for mechanisms of acquired MTX resistance. MTX transport in 27 patients with untreated ALL and 31 patients with relapsed ALL was measured using a previously described competitive displacement assay. Only 13% of the untreated patients were considered to have impaired MTX transport whereas over 70% of the relapsed patients had evidence of impaired MTX transport. Northern analyses and quantitative RT-PCR for the reduced folate carrier (RFC) were performed on the RNA available from the leukemic blasts of 24 patients in whom MTX transport had been measured. Six of 9 samples with impaired MTX transport had decreased RFC expression (one had no detectable RFC expression), while three had no decrease in RFC expression. Acute myelocytic leukemia (AML) was studied to determine the basis of the decreased MTX polyglutamylation. Enzyme kinetics of the enzyme folylpolyglutamate synthetase (FPGS) were studied, demonstrating FPGS in the myeloid cell lines and patient samples had a higher K(m) for MTX as a substrate than lymphoid cells. Measuring gamma-glutamyl hydrolase enzyme activity allowed a more accurate prediction of steady state levels of MTX polyglutamates. A knowledge of the mechanisms of MTX resistance that occur in leukemic blasts obtained from patients may allow the development of therapeutic strategies to circumvent resistance.